Sensory evaluation has been widely applied in assessing the quality of many consumer products that directly serve human needs such as food, beverages, clothing, etc. This paper first examined the inherent deficiencies in this approach, due mainly to the essentially subjective nature of human sensory preference. It then argued that instinctively designating certain materials attributes as sensory perceptions is unnecessary; considering every scientific concept is in essence the processed results of our sensory organs/brains, i.e., all quantities were initially human perceptions. Scientific advances have inevitably generated gradual transformation of such human perceptions as warmth and heaviness into objective parameters measurable in physical quantities like temperature and kilograms. Then using existing successful examples, it demonstrated firmly how the sensory attributes can be assessed by more reliable instrumental methods, and envisioned the key steps to turning a perception into scientifically measurable parameter(s).
Sensory analysis and its inherent deficiencies
In scientific research, being able to measure the concerned variables quantitatively and repeatedly is considered the only criterion in validating any theoretical conjectures or predictions.
For example, although Peter Higgs proposed in the 1960s that broken symmetry in electroweak theory could explain the origin of mass of elementary particles, he waited until some fifty years later in 2013 to receive his shared Nobel Prize in Physics, right after the success in detection and measurement of the predicted fundamental particle by experimental physicists at CERN in 2012 1 . Another well-known yet similar example has to do with the black holes. Their existence has been predicted several decades ago, following Einstein's general relativity and after rigorous analysis by some eminent physical theoreticians including Steve Hawking 2 . It is until the LIGO announcements in 2016 about the actual observations of the gravitational waves believed to be the result of interactions between black holes 3 , has another Nobel Prize in Physics been awarded to the scientists contributed in both theory and experimental verification 4 .
Even coming closer to our mundane daily activities, measured material properties in standardized units, including weight; length, time, temperature etc., have permeated into all facets of our life, as convenient and reliable indicators of the amounts and quality of the products in question.
Actually, successful utilization and standardization of such numeric units have transformed our entire societal world.
However this scientific holy grail of measurement and repeatability seems to be challenged when coming to another group of materials attributes, such as those in food, clothing, beverages, perfume etc. During the use or consumption of such products, it largely relies on human sensory organs to perceive, evaluate and enjoy the performance of the products in fulfilling the intended functionalities. For instance, our eyes (vision) examine the overall appearance of a product; our ears (hearing) recognize all the acoustic information; and our nose (smelling) assesses the fragrance or odors. For edibles and beverages, we have to count on our mouth and tongue to judge the related traits. Consequently assessments of such materials attributes are done in a dramatically different way through a process termed "Sensory Analysis" -a discipline established over time 5, 6 . "Sensory analysis (or sensory evaluation) is a scientific discipline that applies principles of experimental design and statistical analysis to the use of human senses (sight, smell, taste, touch and hearing) for the purposes of evaluating consumer products 5 ". Like in any quantifying process, the sensory analysis followed as much as possible the proven schemes in physical sciences: it employs the human organs as the "instruments" to detect the characteristics of the object, and then converts the collected responses into numerical data. The resulted data are finally analyzed and interpreted, often against some established industrial standard references.
Given the complexities and the economic implications, standardization of the sensory analysis has been considered imperative from early on, and many industrial standards have been established regarding all important issues involved as: recruiting human assessors; products testing and responses recording; response data analysis; making inferences and interpretations about the specific products 6 . For instance, just in ISO Standards, Category 67.240, there are more than 40 documents regarding food sensory analysis, including the product types (dry food, liquor, wine, olive oil); the attribute types (taste, flavor and odor, color, texture, shelf life), methodologies (vocabularies, selection and training of assessors, sample preparation, scales use, data generation, collection and analysis). Similar documents have been issued by other authoritative standardization organizations. All such efforts however focus on largely the specific techniques and issues, not the fundamental deficiencies and possible solutions in sensory assessment.
The essence of the problem
Here is the core of the problem: on one hand, the rationality of sensory analysis couldn't be more self-evident: consumer products are to satisfy human desire or needs, it is only logical to ask real people for their judgment after actually experiencing the products. On the other hand, the faults in the process are just as clear and appealing. Using human senses as testing tools in a panel, the issues of interpersonal intrinsic bias and preference between the judges, more often than not, result in substantial deviations. Even for the same person, human senses drifts with time, mood and fatigue, etc., i.e., the scales used are shifting -just imaging the difference in food taste when starving versus sating. Also it is still impossible to define the sensation of taste, mouth feeling and smelling etc. in scientifically designated terms and units, even though there are reported cases to have methodically altered the food preferences in both human 12 and rats 13 . Lacking the essential scientific bases and standardized terms has severely hampered the communications between parties involved in a sensory analysis, not to mention between people of different languages.
Consequently, most results from sensory analysis are in relative terms and not easily applicable beyond the specific events -thus to build new knowledge based on them to advance the discipline is virtually impossible. After all, what resulted from sensory analysis is at best a "perception that may or may not represent the physical reality 14 . This also highlighted another dual nature of perception: first, perception depends on complex functions of several subsystems of physics, physiology and psychology, and is hence a highly sophisticated phenomenon; but in practice it presents itself simply and effortlessly because the perceiving process happens instantaneously outside our conscious awareness 6 .
Intellectually speaking, human perception is the organization, identification, and interpretation of sensory responses in order to represent and understand the environment 14 . Yet sensory perception is not the passive receipt of these signals, but is shaped by learning, memory, expectation, and attention 14 . Therefore, the process of sensory analysis involves diverse yet intertwining mechanisms, which roughly belong to three scientific disciplines, as shown in Fig. 1 Still it is highly understandable why the subjective sensory analysis has been willingly adopted by various industries; to establish a new and rigorous scientific metrics for a given product takes huge amount of work and time. Expediently, each sensory analysis scheme for a product was developed focusing on the associated sensory organ so as to form a unique set of methodology (toolbox). That is, sensory analysis has thus evolved into product-oriented, instead of scienceoriented. Such product-oriented method may appear logical and handy for industrial use in short term, and even desirable from the cultural prospective by involving information on humanity and historical evolvement. Such knowledge accumulation is counter-constructive for any further attempt from it to explore a more reliable scientific approach, and once for all.
All quantities were perceptions, initially
Perceptions are all multifaceted phenomena involving physics, physiology and psychology.
Although extremely challenging in scientific frame, assessing perceptions is very important in practice for quality assurance of consumer products. In theory the most logical and solid approach in dealing with human sensory perception should be one that was built on a comprehensive framework with a thorough understanding of the mechanisms and knowledge in physics, physiology and psychology. This is clearly an impracticality given the current states of scientific research and knowledge accumulation in related areas. Nonetheless, if we change our viewing angle, there are reasons to be optimistic.
Although sounding a little odd, all the scientifically defined and instrumentally measurable properties today were conceived initially from human brain and hence with a subjective origin. For instance, the units used by our early ancestors to define distance were in relative terms. In the beginning, they each had in mind the relative closeness from home to different destinations. Some may view one given distance as far, and others may not. That is, the concept of distance was subjective, depending on the individual. As the need for more accuracy and quantitative-ness rose up, a "reference" length was developed and eventually became a widely accepted standard for measuring length, i.e., the unit Meter as detailed in 15 . But what is most intriguing is that once a numerical objective yardstick for measuring length is established and accepted, the subjectivity inherited in the original distance perception is now disappeared. 10 km is 10 km and whether it is far or not is just a personal opinion irrelevant to others. That is, by setting up a reliable, measurable numerical standard, an inquiry involving subjective perception has successfully transformed into a pure physical question.
However, if instead a route of sensory analysis were taken; since the consideration of far/near seemed to be an individual judgment, a panel would be formed, and the personal view of all relevant people on the distance between Point A to Point B be collected and analyzed. The process would be repeated for distance between Point A to Point C, and so on. We would have never reached where we are today. The lessons learned from this simple example are enlightening and instructive for any attempt in measuring material properties related to human perceptions:
1. Before starting, clearly separating the physics from the perceptions involved;
2. Focusing on the physics problems only;
3. Once the physics is clarified, it would lay down a solid foundation to tackle the human perception. Very often, as in the above case, the personal preference is even no longer relevant.
From this perception-to-objectivity transformation (POT) example of distance, we can easily identify other successful cases where many once considered "human perceptions", including time, weight, and their derivatives such as frequency, area and volume, density and porosity, had gone through such transformation and escaped from the plaguing of the subjective bias. More interestingly, this POT process may have to be done stepwise as in the example of time and space. Einstein's general relativity "corrected" our view on such quantities so now we realized that the seemly independence between time and space was just our PERCEPTION! There are other areas where such POT has already exhibited great success -computer recognition techniques: the intelligent recognitions of face, fingerprint, language and handwriting are essentially the processes where sensory stimuli through our eyes and brains have been effectively reproduced via computer information process into reliable objective data, the same thing in the fields of virtually reality (VR) and artificial intelligence (AI).
In other words, considering that all the phenomena and concepts are in essence the processed results of our sensory organs and brains, it is highly logical to state that all quantities were initially perceptions. Although it may be a stretch to say all quantities can hence be transformed into objective ones, the sensory analysis has clearly not offered an effective solution.
Objective measurement of perception-related quantities
At this point, it may be necessary to divide all sensory problems into groups, based on the significance of the personal sensory preference: a) Cases where sensory assessment is preferred
There are cases where POT is either unnecessary, as in music appreciation and movie viewing, or too complex to achieve soon as in issues relating to virtually reality (VR) and artificial intelligence (AI), even though advances have been actively preceding.
b) Cases where personal preference only matters to the person
Examples include weight, length, time etc., where once succeeding in POT, the issue of subjective preference will disappear or become irrelevant to others.
c) Cases where personal preference has to be communicated to others
The cases in this group are the focus of study. Other more effective ways to deal with the perception assessment in these cases have to be sought. There are cases where individual sensory preference remains relevant, even if some necessary objective standards have been established.
Apparently, of the three types of cases, we only need to focus on Type c). In cases of this type, even some partial metrics to reflect the physical essence of the phenomena can be acquired; they will greatly reduce the complexity of the questions. For instance, in hospitals, after knowing the patient's instrumental test results, doctors still have to deal with the patient's personal feelings/complains; still having the objective data about the patient is hugely useful in doctor's diagnosing process. From Fig. 1 , a complete sensory perceiving process includes mechanisms and issues dealt with three distinctive disciplines of physics, physiology and psychology, and why sensory analysis failed is in its attempt to lump sum all issues into a single solution, crossing all different and largely isolated disciplines.
Fig. 2 Weather assessment for cloth selection
Our judgment for weather in the purpose of, e.g., clothing selection, is clearly a personal perception. However, once we developed temperature (T) to specify the degree of warmth, relative humidity (RH) for moisture content in air, wind speed (V) to describe the rate of air movement, the weather can be described by a triad (T, RH, V) as in Fig. 2 . The judgment for weather remains subjective, for at a given (T, RH, V) from weather report, not everyone would reach the same judgment of today's weather, desirable or undesirable. What is important though, everybody can easily make a clothing decision now and the personal bias is no longer relevant.
Here is once again the enlightenment revealed from this and other examples discussed above, to succeed in conducting a subjective-to-objective transformation (POT), we should focus first and foremost on the physical reality of the problem as illustrated in Fig. 2 .
As expected, there have been tremendous efforts in establishing the connection between the measurable physical properties and the human sensory response, including via chemical compositions [16] [17] [18] and level of alcohol 19 for wine tasting; instrument tests for perfume quality 20 , pasta quality 21 , fabric drape, softness and hand [22] [23] [24] [25] [26] . This connection between sensory response and the physical properties, although inherently existent, is often indirect! Even in the simple case of weight measurement, we use the graduation readings (the length) on the balance to find (represent) the weight -a twist from weight to length is needed. In consumer products, when our concern is the thermal comfort of a wool coat, it is the cloth density, not the thermal conductivity of the wool fiber that dominates the result 33 . To change the drape of a skirt, we have to check the tensile and shear resistances of the cloth 34, 35 .
Such connections become more torturous in medical field: we take the reading of the mercury height level (a length) for blood pressure measurement, and, similarly, use various sensors to transform the body signs into quantities already established and measurable. Conversely, if we cannot pinpoint this intrinsic relationship, any POT attempt will escalate quickly into a mess as in many pending problems discussed before. We close this paper by offering an allusion in dealing with food; e.g., dish ordering in a restaurant as illustrated in Fig. 3 , just an attempt to shed some light on the problem. Ordering food is clearly a Group C type sensory process as defined above where personal preference has to be communicated to others. Nonetheless we can resolve the complexities by the following scheme:
1. Regardless the various preferences from different customers on food, food taste is ascribed to such essential and stable attributes as sweetness, saltiness, sourness, hotspiciness etc. These attributes are well defined, measurable and fully understood;
2. Next, there is already established knowledge how to fine-tune the intensity of each attribute, via e.g., increasing the amount or using more concentrated spicy, and in some cases, there is even instrument to quantify the result OBJECTIVELY. In other words, we have transferred the perception-dominated inquests into pure physical science issues;
3. Then a gourmet customer can easily communicate his/her preference to the cooker by assigning percentage or weight to each attribute.
4.
A qualified cooker, already trained well how to create a given tasting constituent in terms of the types and amounts of food ingredients at certain temperature, speed, and other cooking conditions, can produce the dish to the customer desire based only on the assigned preferences to the food attributes.
During the whole process, no panel judges are involved and just one-on-one communications between individuals, and so the problem of sensory bias is no longer an obstacle! It has to be stressed here that we are of course not proclaiming to forgo the human sensory preferences which after all are what make our life worth living! Nor we are promoting a new dish-ordering scheme. To inform people today's weather in terms of temperature, relative humidity and wind speed will definitely not, by itself, determine the full picture of a pleasant shining day! We merely demonstrate the feasibility for a much more rational and reliable approach to quantify the intrinsic physical elements embedded in sensory responses.
To conclude, gradual transformations of human perceptions into objective parameters have been major part of scientific advances. Although it may take time in some fields, new and more effective approaches are possible besides the sensory analysis.
